The enormous potential of modern molecular neuroanatomical tools lies in their ability to determine the precise connectivity of the neuronal cell types comprising the innate circuitry of the brain. We used transgenically targeted viral tracing to identify the monosynaptic inputs to the projection neurons of layer II of medial entorhinal cortex (MEC-LII) in mice. These neurons are not only major inputs to the hippocampus, the structure most clearly implicated in learning and memory, they also are "grid cells." Here we address the question of what kinds of inputs are specifically targeting these MEC-LII cells. Cell-specific infection of MEC-LII with recombinant rabies virus results in unambiguous labeling of monosynaptic inputs. Furthermore, ratios of labeled neurons in different regions are largely consistent between animals, suggesting that label reflects density of innervation. While the results mostly confirm prior anatomical work, they also reveal a novel major direct input to MEC-LII from hippocampal pyramidal neurons. Interestingly, the vast majority of these direct hippocampal inputs arise not from the major hippocampal subfields of CA1 and CA3, but from area CA2, a region that has historically been thought to merely be a transitional zone between CA3 and CA1. We confirmed this unexpected result using conventional tracing techniques in both rats and mice.
Introduction
The hippocampal region [dentate gyrus, cornu ammonis (CA) fields, subiculum, entorhinal cortex (EC), presubiculum, and parasubiculum] plays an essential role in the generation of new episodic memories. The canonical hippocampal circuit is largely a unidirectional loop, with neurons in superficial layer II of EC projecting to dentate granule neurons, which in turn project to CA3 pyramidal neurons, which in turn project to CA1 pyramidal neurons. Neurons in CA1 project to deep layers of EC, which close the loop by projecting back to superficial layers of EC.
The precise circuitry of the hippocampal region is of particular interest because in vivo recordings throughout this area in behaving rodents have revealed a set of distinct cell types that represent position, environmental geometry, and direction (Mc-Naughton et al., 2006) . These properties suggest that the neurons within the hippocampal region participate in forming a mental map of an environment, consistent with a role in spatial memory. Four key cell types have been described in this broad neural circuit: place cells, grid cells, border cells, and head direction cells (O'Keefe, 1976; Taube et al., 1990; Hafting et al., 2005; Solstad et al., 2008) . This raises questions about how and where the cellspecific activity patterns are generated and the degree of interdependence between them. One recent study found that inactivation of the hippocampus leads to an extinction of the grid pattern (Bonnevie et al., 2013) , indicating that excitatory drive from the hippocampus is required for the expression of grid patterns in medial EC (MEC). Since the stellate cells of layer II of the MEC (MEC-LII) are candidate grid cells (Burgalossi et al., 2011; Couey et al., 2013; Schmidt-Hieber and Hausser, 2013) , such hippocampal excitation needs to reach the stellate cells. The current circuit model predicts that there is at least one synapse in layer V in between the CA field and the stellate targets . A weak direct projection from CA1 has been postulated to reach layer II (Cenquizca and Swanson, 2007) , but the postsynaptic targets have not been identified, largely because it is extremely difficult to determine connectivity with cellular resolution using traditional neuroanatomical tools.
We therefore generated transgenic mice that restrict the infection of EnvA-pseudotyped, glycoprotein (G)-deleted recom- binant rabies virus to MEC-LII, where grid cells are the predominant cell type Boccara et al., 2010) . Once inside the cell, the fluorescent signal is amplified by viral replication of the rabies virus, providing bright labeling of the cells for accurate cell counting, but the resulting virions are only infectious when complemented with G. Since the transgenic mice only express TVA (the EnvA receptor) and G almost exclusively in MEC-LII cells, viral injections only label MEC-LII neurons and their monosynaptic inputs. Our results reveal a previously unknown major input to MEC-LII neurons from the CA2 region of the hippocampus, thus providing a direct excitatory monosynaptic hippocampal feedback to this major hippocampal input.
Materials and Methods
Virus production. EnvA-pseudotyped lentivirus was generated as previously described (Wickersham et al., 2007a) , with the exception that the rabies virus glycoprotein expression vector was omitted from the transfection and the plasmid pCMMP-EnvARGCD-IRES-EGFP (Wickersham et al., 2007b) encoding the EnvA envelope glycoprotein with the cytoplasmic domain of the rabies virus glycoprotein was included instead. G-deleted rabies viral vectors encoding TagRFP-T (Shaner et al., 2008) and mTagBFP (Subach et al., 2008) were created by cloning these genes into the genome plasmid cSPBN-4GFP (Wickersham et al., 2010) to make the plasmids pRV-4RFP and pRV-4BFP before proceeding with EnvA-pseudotyped rabies virus production as described previously (Wickersham et al., 2010) . G-deleted rabies viral vectors encoding GFP were made as previously described (Weible et al., 2010) . All viruses were purified by ultracentrifugation through 20% sucrose and titered on HEK-293T or 293T-TVA800 cells as described previously (Wickersham et al., 2010) .
Subjects and injections. All procedures described were performed in accordance with guidelines approved by University of Oregon's Animal Care and Use Committee and the National Institutes of Health Guide for the Care and Use of Laboratory Animals (National Institutes of Health Publications No. 80-23).
The mice were generated by crossing TVAG-tetO lines that we generated (Weible et al., 2010) to an existing tTA line (Yasuda and Mayford, 2006) . For the present study, we used three of the TVAG lines developed by Weible and colleagues (Weible et al., 2010) : TVAG-4, TVAG-5, and TVAG-7. A total of 18 double-transgenic mice were injected with virus in the present study. To visualize the first-order neurons, four of these mice received the EnvA-pseudotyped lentivirus [LV-CMVP-eGFP(EnvA)], which does not travel across synapses. To examine monosynaptic inputs, the remaining 14 received the ⌬G rabies virus.
All surgeries were performed using aseptic techniques. Mice were anesthetized with a mixture of ketamine (100 mg/kg) and dexmedetomidine hydrochloride (40 g/kg). Dexamethasone (0.1 mg/kg) and atropine (0.03 mg/kg) were administered presurgically to ameliorate possible inflammation and respiratory irregularities, respectively. For injections, a single hole was drilled in the skull above either MEC (3.0 mm lateral to the midline and 0.5 mm anterior to the transverse sinus) or parasubiculum (2.0 mm lateral to the midline and 0.5 mm anterior to the transverse sinus). A 500 nl, 33 gauge Hamilton syringe loaded with 200 nl of the virus solution was attached to a stereotaxic frame (Kopf Instruments). The syringe was then lowered at 500 m increments, resting 2 min between increments, to a resting depth of 1.4 mm for dorsal or 2.5 mm for ventral injections. The syringe was maintained at this depth for 5 min before injection to allow the tissue to settle. Injections of rabies virus or lentivirus were made in 10 nl steps, pausing 1 min between steps. For rabies virus, the total injected volume was 25-200 nl. For Fast Blue (1% in PBS; EMS-Chemie) and lentivirus, the total injected volume was 100 -200 nl. The syringe was maintained at depth for 15 min after the full volume was injected, then raised 200 m and kept there for an additional 5 min before removal. Mice were administered buprenorphine (0.06 mg/kg) for postoperative analgesia, and individually housed following surgery.
The additional data in two rats were obtained from a large database of available experiments performed in female Wistar rats and procedures (Kononenko and Witter, 2012) , largely similar to those described for mice below, were performed according to national and European regulations.
Histology and tissue processing. Seven days following injection, mice were killed with a lethal dose of sodium pentobarbital (50 mg/kg) and perfused transcardially with freshly made 4% paraformaldehyde in PBS. Following removal, brains were postfixed in the perfusion solution overnight at 4°C and then kept in 30% sucrose at 4°C for 16 -24 h. Brains were cryostat-sectioned at 30 m, mounted onto microscope slides, and airdried. The tissue was collected in a set of five (for sagittal) or six (for horizontal) series such that each series contained equally spaced sections across the entire axis of sectioning. Each series contained between 20 and 26 sections. All sections were kept at room temperature for 24 h, then either processed with nonradioactive in situ hybridization (ISH) for TVA mRNA expression or stored at Ϫ80°C for later visualization of florescent label or antibody staining. ISH was performed as previously described (Weible et al., 2010) .
For antibody staining, the sections were washed with 1ϫ PBS three times for 10 min, rinsed with PBT (PBS plus 0.3% Triton X-100), blocked with PBT plus 10% NGS for 3 h at room temperature, and finally incubated with the primary antibody for GAD67 (mouse anti-GAD67, Millipore) or parvalbumin (mouse anti-parvalbumin, Millipore). The next day, the slides were washed with PBT four times for 10 min, incubated with the secondary antibody [Alexa Fluor 488 goat anti-mouse IgG (HϩL), Invitrogen] for 4 h at room temperature, and finally washed with PBT four times for 10 min and covered with a coverslip.
For figures, some slides were incubated in ScaleA2 (Hama et al., 2011) . This step improved the signal-to-noise ratio but was not necessary for visualizing labeled cells. Also for the figures, schematic drawings were modified from Adobe Illustrator (Adobe Systems) line drawings provided by Paxinos and Watson (2007) or Paxinos and Franklin (2001) .
Microscopy and photomicrography. Sections were viewed using an Olympus (BX61) microscope. Rabies virus-expressed TagRFP-T was visualized with a DsRed filter (Chroma part #U-N42005). eGFP was visualized with a FITC filter and mTagBFP was visualized with a DAPI filter. The FITC and DAPI filters were part of the same Pinkel filter set (Semrock part #DA/FI/TX-3X-A-000). Slides were scanned at 10ϫ magnification and the images stored at high resolution for cataloging and cell counting. Additional images of important regions were taken at 20ϫ magnification.
To quantify the number of the in situ positive neurons or labeled cells following rabies injection, a representative series was chosen and the number of cells from that entire series was manually counted in each hemisphere. The counted cells were sorted by region and, when appropriate, layer. Since we made injections either in dorsal or ventral MEC, we additionally separated the results for dorsal and ventral injections, regardless of transgenic line. These counts were then multiplied by the number of skipped sections (5 for sagittal and 6 for horizontal) to estimate the total number of labeled cells in that hemisphere. For rabies injections, only neurons outside of layer II were counted, because within layer II it is impossible to distinguish primary versus secondary infections. Finally, we also saw some occasional labeling of cells in white matter (see Fig. 3 A, in the perforant path). Based upon their morphology and exclusive incidence in white matter, we reasoned that these cells are oligodendrocytes, as previously reported for wild-type rabies infection (Feiden et al., 1988), and did not count them as neurons. All other cells that were counted had morphologies that were clearly neuronal. In situ positive neurons were counted across regions and layers for one animal from each cross. Counts were zero in all unlisted regions. system (Mansuy and Bujard, 2000) . In our prior study (Weible et al., 2010) , injecting tTA-negative, TVAG-positive animals from these lines with virus resulted in no infection, demonstrating the absolute requirement for transgene expression. Mating the EC-tTA driver line (Yasuda and Mayford, 2006) to tetO-TVAG lines yields expression of TVA and G almost exclusively in MEC-LII ( Fig. 1) , enabling us to target the initial infection of injected rabies virus specifically to MEC-LII neurons. For this study, we used three tetO-TVAG lines (TVAG-4, TVAG-5, and TVAG-7), each providing the requisite TVA and G at different densities due to insertional effects (Table 1) . These same insertional effects likely account for why our crosses yielded more specific expression than that initially reported for the tTA line (Yasuda and Mayford, 2006) , with two of the three crosses expressing exclusively in MEC-LII. Since any virus pseudotyped with the viral protein EnvA can infect the transgenic neurons, we first used a GFPlabeled lentivirus [LV-CMVP-eGFP(EnvA)] incapable of crossing synaptic contacts to visualize the first-order transgenic neurons. We then used EnvA-pseudotyped G-deleted rabies virus to visualize the monosynaptic inputs to these transgenic entorhinal layer II neurons.
Results

A genetic system for mapping inputs to MEC-LII
Characterization of transgenic neurons
ISH for TVA receptor mRNA ( Fig. 1) and subsequent cell counting revealed that each cross had distinct densities of expression ranging from Ͻ100 MEC-LII cells in EC ϫ TVAG-4 to ϳ7000 MEC-LII cells in EC ϫ TVAG-5. The EC ϫ TVAG-5 line also contained a smaller number of positive cells in the presubiculum and parasubiculum (Table 1) . We labeled cells expressing the receptor from each cross with 100 or 150 nl of lentivirus [LV-CMVP-eGFP(EnvA)]. Regardless of the precise location and volume injected, just a small cluster of cells in MEC-LII was labeled, demonstrating the specificity of expression (Fig. 1C ). The soma, axons, and dendrites were all brightly labeled, allowing clear visualization of the cellular morphology and their axonal targets ( Fig. 1D-G) . The labeled cells have all of the morphological characteristics of stellate cells, a major principal cell in MEC-LII (Lorente de Nó , 1933; Canto and Witter, 2012) . In this example, a densely labeled terminal axonal plexus could be seen in the molecular layer of the dentate gyrus that extended through CA3. A weaker though still clearly labeled projection terminates in the subiculum, likely representing local collaterals from perforating layer II axons (Tamamaki and Nojyo, 1993) . The terminations were limited to the dorsal hippocampus, consistent with the known topography of projections from MEC to the hippocampus . By taking the number of in situ positive neurons in MEC-LII and dividing by the approximate of number of stellate cells in MEC-LII of mice (Gatome et al., 2010) , we estimated that the density of expression in MEC-LII stellate cells was 47% in the EC ϫ TVAG-5, 6% in EC ϫ TVAG-7, and Ͻ1% in EC ϫ TVAG-4 line.
Retrograde tracing reveals a major input from CA2
To examine the inputs to MEC-LII neurons, we injected 14 EC ϫ TVAG mice with 25-200 nl of the ⌬G rabies virus into either the dorsal or ventral MEC. The injections were Ͼ1 mm lateral to the parasubiculum, thus lessening the likelihood of infection in the parasubiculum in the TVAG-5 line, where we observed some lighter expression of the transgene. Animals were injected bilaterally (1 site per hemisphere) but with different colored fluorophores in each hemisphere [typically RFP in 1 hemisphere and GFP or blue fluorescent protein (BFP) in the other]. The uptake and transport of the virus resulted in labeled cells both locally and several millimeters away (Figs. 2-4) and strongly labeled axons of both first-order and second-order neurons in the perforant pathway, the hippocampal commissure, and the fornix. Labeled ax- ons, particularly those traveling in the perforant pathway, also showed dense terminal fields in their expected target areas in the molecular layer of the dentate gyrus and stratum lacunosum moleculare of CA3 (Fig. 3A) . We observed large numbers of labeled cells in layer III of the presubiculum, all layers of parasubiculum, and all layers of the MEC, as expected (van Groen and Wyss, 1990; van Haeften et al., 2003; van Strien et al., 2009; Beed et al., 2010; Kononenko and Witter, 2012) . Fewer cells were seen in the amygdala, layer II of the lateral EC, subiculum, CA1, postrhinal cortex, layer II/III of V2, and layer II/III of the retrosplenial cortex (Cenquizca and Swanson, 2007; Jones and Witter, 2007; Kerr et al., 2007) . Somewhat surprisingly, the patterns were similar for both dorsal and ventral injections (Table 2) . However, due to the potent nature of the virus and the possibility of wicking up the track, one can never be certain how well the virus was restricted to the injected area. Most of our results thus confirmed previous work.
In addition to these expected regions, however, we also observed large numbers of labeled cells in the CA2 region of the hippocampus (Figs. 2, 3) . CA2 label was even present in the most restrictive EC ϫ TVAG-4 line (Fig. 4) . Although these data are inconsistent with all recent reports, Lorente de Nó (1934) did note that CA2 pyramidal neurons send an axon toward the EC, but he did not identify the precise target of the projection.
One of our transgenic lines (TVAG-5) exhibited some label in the presubiculum and parasubiculum, potentially confounding our results. To control for the possibility that the virus spread into the presubiculum or parasubiculum in these animals, we injected three EC ϫ TVAG-5 mice with the ⌬G rabies virus directly into the presubiculum and parasubiculum. We observed no CA2 label in these animals ( Fig. 5 ) except in one case where the injection was on the border of MEC and likely infected MEC neurons as well (there were labeled MEC-LII neurons near the injection site, but it is impossible to tell whether they were primary or secondary infection). Together, these data strongly support our claim of a direct projection from CA2 to MEC-LII. Judging by morphology, localization within stratum pyramidale, and immunohistochemistry of rabies-injected brains with antisera to both parvalbumin and GAD67 (data not shown), it is highly likely that this direct projection is excitatory in nature.
We also sought to confirm the CA2 label with an unrelated technique. Using coordinates similar to those of the viral injections, we injected Fast Blue, a conventional retrograde tracer, bilaterally into the MEC of eight mice. Of the nine injections that were centered in the superficial layers of MEC and did not involve presubiculum and parasubiculum, five showed clear CA2 label (Fig. 6 ). Unlike the rabies virus, the Fast Blue injections were not specific to layer II and likely spread across all layers, accounting for the very strong label we observed in CA1 following these injections. The remaining four injections that did not show CA2 label were located more lateral or ventral within MEC, suggesting that the input from CA2 may be strongest in the dorsomedial sector of MEC. Since a direct projection from CA2 to layer II of MEC has not been reported before in rats, our findings may be specific for mice. Injection of the anterograde tracer biotinylated dextran amine specifically into area CA2 in two rats, however, is consistent with a similar projection in rats (Fig. 7) . In line with the mouse data, the anterogradely labeled fibers were confined to the dorsomedial domain of MEC, such that in coronal sections they were only visible in what is essentially the most posterior section possible. This may explain why the projection has been missed in previous analyses. Our observations thus also suggest that there may be functional differences in connectivity between subregions of MEC. 
Cell counting
The bright and robust label produced by the rabies virus allowed for unambiguous identification of neurons. We therefore counted cells in animals injected with the ⌬G rabies virus and generated a quantitative profile of inputs to MEC-LII. We manually counted across brain regions and, when appropriate, layers or subregions for one series and multiplied by the number of skipped series to give an estimate of the total number of labeled cells in that region, layer, or subregion for seven animals injected with 100 -200 nl of RFP-labeled virus. The regions were defined using boundaries of a recent mouse nervous system atlas . In particular, the atlas defines the CA2 region based on a combination of morphological characteristics, such as where the mossy fibers bend ventrally to form the "end bulb," and protein expression, such as parvalbumin. This provides a conservative estimate of the borders of CA2, since gene expression patterns, Parahippocampal region 36; 1 PrS 20.95; 18.00; 3 Hippocampal formation CA1 0; 0 -0 1.75; 2.83-3.51 6.53; 3.49 -8.3 4.90; 0 -8.3 3.31; 2.87-3.50 2.76; 7 CA2 6.37; 5. 5 CA3 0; 0 -0 0.10; 0.09 -0. such as that for Purkinje cell protein 4, demarcate a slightly larger domain. Even when using this traditional, more conservative delineation, the vast majority of rabies-positive neurons were clearly located inside CA2. In extremely rare cases where a cell fell on a predetermined boundary, in CA2 or elsewhere, the cell was classified based on distinguishing morphological characteristics or whether it closely grouped with cells that more definitively fell within the boundaries.
We chose to focus on RFP-labeled virus because it produced the brightest label of the three fluorophores. We only counted neurons that had both a clearly labeled cell body and processes. The overall number of labeled cells ( Table 2 , bottom) varied between the different mouse lines in accordance with the variability of TVAG density; injected EC ϫ TVAG-5 and EC ϫ TVAG-7 animals showed thousands of labeled cells while the sparser EC ϫ TVAG-4 animals showed only hundreds, but the ratios of inputs were approximately similar. Overall, the vast majority of labeled neurons (96%) were confined to the hippocampal region. Major inputs included layer III of MEC (MEC-LIII), layer V of MEC, parasubiculum, presubiculum, and CA2, which all consistently contributed Ͼ10% of the total label (Table 2; Fig. 8 ). Together, these data indicate that MEC-LII receives input from a relatively restricted set of brain areas, including the strong and previously unknown input from the CA2 region of the hippocampus.
Discussion
Monosynaptic inputs to the projection neurons of MEC-LII were mapped using a transgenically targeted viral tracing approach. More than 65% of MEC-LII neurons are stellate cells (Gatome et al., 2010) , and a similar percentage has been identified as grid cells Boccara et al., 2010) . This, together with the results of intracellular in vivo recordings (Burgalossi et al., 2011; Domnisoru et al., 2013; Schmidt-Hieber and Hausser, 2013) , strongly argue in favor of the assertion that the majority of grid cells are stellate cells, though the other class of LII projection neurons, the pyramidal cells, might be grid cells as well. MEC-LII stellate cells have biophysical properties that clearly differentiate them from pyramidal cells. These properties include high input resistance, prominent sag potential, strong I h current (Giocomo et al., 2007; Canto and Witter, 2012) , and membrane potential oscillations in the 4 -12 Hz theta range (Klink and Alonso, 1993) . These properties have been hypothesized to be related to the specific firing properties of grid cells, such as the sizes and distances between firing fields (Giocomo and Hasselmo, 2008; Giocomo et al., 2011) . However, it is just as likely that spatial receptive fields of grid cells result from the interactions between hippocampal input and the local layer II network (Kropff and Treves, 2008; Bonnevie et al., 2013; Couey et al., 2013) . Taken in this light, the inputs described here may thus be required for MEC stellate cells to exhibit grid-like receptive fields.
One of the transgenic crosses expresses appreciable amounts of TVA and G in the presubiculum and parasubiculum as well. It is thus conceivable that the virus could leak into these regions in those crosses. However, injections directly into these regions (Fig. 5 ) yielded results quite distinct from those obtained by injections into MEC (e.g., we did not see transport to CA2), and the number of transgenic neurons in other parts of EC is quite negligible in all of the crosses, so it is reasonable to assume that our results specifically reflect the monosynaptic inputs to MEC-LII neurons.
No anatomical technique is perfectly quantitative. Cell fills and tracer injections involve diffusion of a bolus of label, and evoked potentials are complicated by an inability to determine the precise geometry and extent of the stimulation or strength of the individual synaptic connections. However, a case can be made that this viral approach is at least ratiometric (Marshel et al., 2010) . It is generally assumed that rabies virus does not distin- guish between presynaptic cell types by activity level, identity, or size (Kelly and Strick, 2000; Callaway, 2008; Ugolini, 2011) . If so, it logically follows that rabies-dependent monosynaptic label should reflect the number of inputs, if not their synaptic strength. The considerable viral amplification of signal also distinguishes this technique from traditional techniques, which fall off in intensity away from the injection site, and thereby often miss minor or distal inputs. It is likely this property of the system that enabled us to obtain our principal result of identifying a novel major projection from hippocampal area CA2 to MEC-LII. Our quantitative description of the monosynaptic inputs to MEC-LII neurons largely agrees with what others have found (Kerr et al., 2007) , but also extends it in interesting ways. Our results show that the majority of inputs arise from within the hippocampal region, with only sparse inputs from outside the region. The most prominent inputs arise from the parasubiculum, presubiculum, all layers of MEC, and the CA2 region. The amygdala complex, medial septum, lateral EC, subiculum, CA1, postrhinal cortex, V2, and retrosplenial cortex all contribute relatively minor inputs by this method. These minor inputs may disproportionately alter the firing of cells in MEC-LII, especially the medial septum (Brandon et al., 2011; Koenig et al., 2011) , but determining this requires subsequent electrophysiological investigations.
Nevertheless, the demonstration of the previously unknown major excitatory input from CA2 has important functional significance. The CA2 region of the hippocampus has historically been considered merely a transition zone between CA3 and CA1 (or has otherwise been ignored entirely), although it was generally agreed that CA2 differed from CA3 in not receiving mossy fiber input from the dentate gyrus (Woodhams et al., 1993) . Several recent studies have shown that this region possesses unique anatomical and physiological properties, making a re-evaluation of the region mandatory. First, unlike CA3, which receives input only from MEC-LII, and CA1, which receives input only from MEC-LIII, CA2 receives strong inputs from both MEC-LIII and MEC-LII (Chevaleyre and Siegelbaum, 2010). Second, CA2 neurons strongly drive CA1 neurons, the output neurons of the hippocampus. Third, CA2 neurons are only weakly driven by CA3 neurons, and these synapses do not undergo normal long-term potentiation, whereas entorhinal input leads to strong excitation (Zhao et al., 2007; Chevaleyre and Siegelbaum, 2010) . Finally, in vivo stimulation of the EC leads to activation in CA2 before either CA3 or CA1 (Bartesaghi and Gessi, 2004; Bartesaghi et al., 2006) . Our data add a novel return connection from CA2 to MEC-LII, indicating that unlike the rest of the CA fields, MEC-LII and CA2 are reciprocally connected and thus form a novel "short-circuit" of the entorhinal-hippocampal loop. In conjunction with the work cited above, our results help elevate CA2 from an almost universally ignored structure to a potential "gatekeeper" peculiarly well suited to coordinating hippocampal output with its major inputs in superficial EC. More anatomical and electrophysiological studies specifically targeting CA2 are needed to flesh out the specifics of its role in hippocampal-entorhinal function, but together these results indicate that MEC-LII acts like a hub within a specialized network, with a privileged role of the CA2 region as a direct feedback element.
The reciprocal connectivity between CA2 and MEC-LII has important implications for spatial computations. The mathematically precise firing patterns of entorhinal grid cells suggest that they form a universal path integration-based map of the environment (Hafting et al., 2005) . However, path integration is susceptible to accumulating error (McNaughton et al., 2006) . At a neural level, such error would result in drifting grid phases over time and ultimately an inaccurate spatial map. Hippocampal place cells are an ideal candidate for providing the required error correction (Sreenivasan and Fiete, 2011). However, the critical weakness of this model was that the only known pathway from the dorsal CA fields to the superficial layers of MEC was a polysynaptic one from CA1 through the deep layers of the EC. Since CA2 contains place cells, like the other CA fields (Martig and Mizumori, 2011) , the strong direct connectivity between CA2 and the input layers of the EC bypasses this problem completely, allowing for the direct modification of grid cells by place cells.
The single property of the brain that sets it apart from other parts of the body is arguably the complexity of the connectivity of its composite cells, which makes gaining a detailed description of neuronal connectivity central to understanding how the brain works. The discovery of a major novel connection in so well studied a system as the hippocampus and associated cortices suggests it is likely that we are still missing many important pieces of the connectional puzzle throughout the brain, and highlights the promise of modern genetic techniques to reveal the cellular resolution connectivity of the CNS. This approach further allows for a detailed and unambiguous description of known (as well as previously unknown) inputs to particular cell types, which is worthwhile in and of itself as it makes the functional modeling of native neural circuits much more realistic. The present discovery of a novel input and description of known inputs to entorhinal grid cells thus clearly shows the enormous potential for molecular techniques to advance our understanding of the wiring of the brain on both fronts.
